10/542277 



Fig.1 




\ 

Watermark data 



Audio data acquisition unit 
1 



Watermark data 
acquis it ion unit 



Data generation unit for 
generating data for a watermark 



Audio data 



Generating data for a watermark 



Multiplexed 



Multiplexed audio data generation unit 



0 10 2 



0 10 3 



0 10 4 



Audio digital watermark apparatus 



0 10 0 



10/542277 



Fig. 2 
v ( t 

v ( t 




2 T 



10/542277 

Fig. 3 

ziztzinz 

0 r J w 

R 2xR 
f f 



Fig. 4 



U ( t ) 




t 



10/542277 



Fig. 5 




10/542277 



Fig. 6 

Audio data 



A 0 4 
M u |t I 



AO 2 



Watermark data 



AO 1 



AO 3 



Multiplexed audio data 
with watermark 



Generating data for a watermark 



10/542277 



Fig. 7 




Acquire audio data 



0 7 0 1 



Acquire watermark data 



0 7 0 2 



I 



S 0 7 0 3 

Generate data for generating a watermark 



i 



Generate multiplexed audio data by multiplexing 
audio data and data for generating a watermark 



rsj S 0 7 0 4 



10/542277 



Fig. 8 




Watermark data 




0 8 0 1 



It 



Audio data 
acquisition unit 

— c= 



Watermark data 
acquisition unit 



1 



Data for generating 
a watermark data 



Data generation unit for 
generating data for a watermark 













Audio data 






+ 








Data for generating watermark 




Multiplexed 




( inaudible -frequency ) 






Multiplexed audb data generation unit 



Audio digital watermark apparatus 



0 80 2 



0 8 0 3 



0 8 0 4 



0 8 0 0 



10/54227? 



Fig. 9 




Acquire audio data 



r^y S 0 9 0 1 



Acquire watermark data 



Generate data for generating watermark 
of inaudible bw- frequency 



0 9 0 2 

r^y S 0 9 0 3 



Generate multiplexed audio data by multiplexing 
audio data and data for generating a watermark 



S 0 9 O 4 




END 



Fig10 



10/542: 




10 0 1 



7^ 



Audio data 
acquisition unit 



Watermark data 
acquisition unit 



Data for generating a watermark 
(value and sbpe of boundary for 
changing amplitude thereof are 
always zero ) 



Data gene rat bn unit for 
generating data for a watermark 



Audio data 



Data for generating a watermark 
(value and sbpe of boundary for 
changing amplitude thereof are 

always zero ) 



Multipled 



Multipexed audb data generation unit 



Audio digital watermark apparatus 



10 0 0 



10 0 2 



10 0 3 



10 0 4 



10/542277 



Fig. 11 



u ( x ) 




10/542277 



Fig. 12 



<^J3 T A RJ> 



\ 


f 


Acquire audio data 






Acquire watermark data . . 



I 



-S1 2 0 1 



-SI 20 2 



Generate data "for gsne rating watermark in which 
a value and a slope of boundary for changing 
amplitude thereof are always zero 

Generate multiplexed audio data by multiplexing 
audio data and data for generating a watermark 



S 1 2 0 3 



S 1 2 0 4 




Fig. 13 



Audio data 



Watermark data 



13 0 1 




Audio data 
acquisition unit 



Watermark data 
acquisition unit 



1 



Data for generating a watermark 
(amplitude is changed with respect to each 
hahhcycle accordingly ) 



Data generation unit 

for generating data for a watermark 



Audio data 



Data for generating a watermark 
(amplitude is changed with respect to each 
half-cycle accordingly ) 



Multiple >sd 



Multiplexed audb data generation unit 



Audio digital watermark apparatus 



13 0 0 




Fig. 14 



u ( t ) = ( 3 /4 ) • s i n ( 2 n • f • t / R ) - ( 1 / 4 ) ■ 



i 


i 


1 ' 


r 


\ ■ 

\ 2x f 




r 


0 




Xj 




f t 


- V 





10/54227? 



Fig. 15 



u(t) = (3/4)-sin(2TT - f - » / R ) - ( 1 /4 ) • 





0 1 0 0 0 0 1 1 



10/542277 



Fig. 17 



<3 T A R*T^> 



1 


r 


Acquire audb data 




r 


Acquire watermark data 



1 



S 1 7 0 1 



S 1 7 0 2 



Change amplitude of data for generating a watermark with respect to 
each half-cycle accordingly so that said result of the predetermined 
summation per sad predetermined cycle represents the watermark data 



S 1 7 O 3 



Generate multiplexed audio data by multiplexing 
audio data and data for generating a watermark 



JL 



S 1 7 0 4 



10/542277 



Fig. 18 



c 



Audio data 





Watermark data 




7 



18 0 1 

xj— 



Audio data 
acquisition unit 



Watermark data 
acquisition unit 



Data -for generating a watermark 
<a sign for summation of multiplexed audb data 
per half-cycle of data for- generating a 
watermark represents watermark data) 



Data generation unit for 
generating data for a watermark 



Audio data 



Data for generating a watermark 
(a sign for summation of muftiple>ed audb 
data per half-cycle of data for generating 
watermark represents watermark data) 



Muftip le>ed 



Multiple:*ed audb data generation unit 



Audio digital watermark apparatus 



18 0 2 



18 0 3 



18 0 4 

W 



18 0 0 



10/542277 



Fig. 19 

Audb data per half-cycle 



AO 4 

■©— 



watermark data 









> 



A 0 1 



AO 3 



Multiplexed audio data 
with watermark 



Generating data for a watermark 



10/542277 



Fig. 20 




Acquire audb data 



I 



Acquire watermark data 



.S 2 0 0 1 



-S 2 0 0 2 



Generate data -for gsne rating a watermark 90 that a sign 

S 2 O 0 3 

for summation of multiple>ed audb data per half^cycle of data ^ 
for gsnerating a watermark represents watermark data 

1 



Generate multiplexed audio data by multiplexing 
audio data and data for generating a watermark 



S 2 0 0 4 



10/542277 



Fig. 21 




Watermark data 




2 10 1 



L 



Audio data 
Acquisition unit 



Watermark data 
Acquisition unit 



Data for generating a watermark (a sign for multiplexed 
audio data, whch is a sign representing the difference y 
between summation of the first-ha If cycle and that 
of the latter-half cycle of data "for generating 
watermark, represents watermark data) 




Data generation unit for 
generating data for a watermark 



Audio data 



+ 



Data for generating a watermark (a sign "for multiplexed 
audb data, whch is a sign representing the difference |— 1 
between summation of the first- ha If cycle and that 
of the latter-half cycle of data for generating 
watermark, represents watermark data) 



Mu Itiplexed 



Multiplexed audb data Generation unit 



Audio digital watermark apparatus 



2 10: 



210^ 



/ 



2 10 0 



10/542277 



Fig. 22 




Acquire audio data 



/VS 2 2 0 1 



Acquire watermark data 



S 2 2 0 2 



Generate data for ^ne rating watermark for a sigi 
for multipexed audb data, which is a sign representing 
the difference between summation of the first-half cyce pV/ 
and that of the latter-half cycle of data for 
^nerathg a watermark repesents watermark data 



S 2 2 0 3 



Generate multiplexed audio data by multiplexing 
audio data and data for generating a watermark 




S 2 2 0 4 



END 



10/54227? 



Fig. 23 




Multiplexed audio data 




Multiplexed audio data 
acquisition unit 



Predetermined summatbn of multiplexed 
audb data per predetermined cycle of 
data for gsne rating a watermark 



Summation computation unit 



Watermark data decoding unit 



-2 3 0 1 



-23 0 2 



2 3 0 3 



Audb digital watermark decoding apparatus 



2 3 0 0 



Fig. 24 



Multiplexed audio data 
with watermark 



0 
1 



* I 



BO 1 



V 



BO 2 



Watermark data 



10/542277 



Fig. 25 




Acquire multiplexed audio data 



S 2 5 0 1 



Compute the result of predetermined summation of multiplexed 
audio data acquired by Sep S2501 per predetermined cycle 



S250 2 



Decode watermark data based on result of predetermined 
summation computed by Step S2502 



S 2 5 0 3 




END 



10/542277 



Fig . 26 




Multiplexed audio data 




Multiplexed audio data 
acquisition unit 



Summation of multiplexed audb data 
per half-cycte of data for gsnerating 
watermark 



Summation computation unit 



\Afetermark data decoding unit 



2 6 0 1 



2 6 0 2 



2 6 0 3 



Audio digital watermark decoding apparatus 



2 6 0 0 



40/542277 



Fig. 27 



Multiplexed audio data 
with Watermark 



8 0 1 



Sign for sum mat bn of 
per half-cycle 



BO 2 



Watermark data 



Fig. 28 




Compute a sign for summatbn of mufciple>ed audb data 
acquired by Step S2801 per hatf-cycle of data for 
generating a watermark 

x 

Decode vatermark data based on result of summatbn 
computed by Step S2802 



S 2 8 6.2 



S 2 8 0 3 



10/542 277 



Fig. 29 




Multiplexed audio data 




Multiplexed audio data 
acquisition unit 



A difference between the summatbn of 
muftiple>ed audb data per firstrharf cycle 
and that per latter-half 
cycle of data for gsnerating a watermark 



Summatbn computatbn unit 



Watermark data decoding unit 



2 9 0 1 



2 9 0 2 



2 9 0 3 



Audb digital watermark decoding apparatus 



2 9 0 0 



10/542277 



Fig. 30 



Multiplexed audio data 
with Watermark 



B O 1 



V 



A sign for the difference between 
the summation per firstrha If cycle 
- and that per latter-ha If cycle 
B 0 2 



Watermark data 



10/5 



Fig.31 



<3tar-T> 







Acquire multiplexed audio data 



r 



.S 3 1 0 1 



Compute a sign representing the difference between the summatbn 
of multipexed audb data acquired by Step S3101 per 
first-half cycle and that per latter-half cycle of data for 
iprerathg a watermark 

i 



S 3 1 0 2 



Decode watermark data based on result of summatbn 
computed by Step S3102 



S 3 1 O 3 



